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(71) Wc, Phiups Electronic and 
AssociATO> iNDusnuEs Limited, of 
Abacus House. 33 Gutter Lane. London, 
E.C2, a Bridsh Companv^ do hereby de* 
dare the invention, for ^hich we pray that 
a patsent may be granted to us. and the 
method by which it is to be performed, 
to be panlculariy described in and by the 
following statement: — 

The present invendon relates to a gas 
humidifier of die to^-catled "gas-over-hot- 
water" tjipc for huniidtfying respiraiory 
.fed from m medical ventila^tor to a patieni and 
more paidcularly to temperature controlling 
means for xe^julatmg the temperoturc of the 
water. 

Humidifiers^ are used during ventilation 
of a patient in order to add water vapour 
to the i«spteaiory gas passed to a patient in 
each inspiration period in order to rcpkce 
rhc loss of water frc^ the patient during 
exhalation. In the. "gas-over-hot-water" 
type of humidifier, the respiratory gas h 
passed over the surface of a quantity of water 
in. a vaporisation chaml)^ in its passage 
frcnn a gas supply source to the mtidfii. 
Tlie water i& heated m order to increase 
the evopoiatioi) rate (so requiring a anallcr 
free surface of water) and to warm the sas 
passed to the patient 

It is customary in sudi humidifiers to heat 
the water to a pzedeteimined temperature 
by m^s of an immersion heater controlled 
by a th^ostat nrfiidi senses the water tem- 
penkture in the v^orisation chamber. The 
known method, howeviy, has certain disad- 
vamages^ the maih one being tkit tempera- 
ture of the gas reeled by the patient can 
vary over very wide limfis with wiatlon 
of gas flow raie^ ambient tem-perature. water 
temperaiur^ and on the length of the hose 
ime between Ae humic^er and ihe patient 
To cater for diese variations, the humidifier 
water tempeiamie is set on the aafdy low 



side to ensure that the gas temperature at 45 
the Y-piece of the face mask or respiratory 
tube does not exceed nonnal body tcmpeia- 
tuie. This safo^r procedure results in the 
temperature of the ^ at the Y-piece being 
lower than the desired ^ody temperature 50 
with the result that the patient uses heat 
energy to raise the temperature of the gas. 
This* of course, is undesirable since any 
person being ventilated is generally in a 
low state of health and any wasteful use 55 
of his energy should be avoided. 

The object of the present invention is to 
overcome the above disadvantage. 

Acconling lo the present invention there 
is provided a gas humidifier for humidifying 60 
respiratory gas fed from a medical ventitator 
to a patient, including a "gas-over-hoi- 
water*' vaporisation chamber, means for 
heating water contained in the chamber^ a 
respitalory |as supply line arranged for 65 
feeding humidified respiratory gas from the 
humidifier to a patient^ an electrical tem- 
peratore^scnsing element located at or adja- 
cent the patient end of the supply line for 
sensing the temiperaturc of humidified 70 
resfnratory gas hnmediately before the gas 
b pjassed to the patient during an in^ratory 
period of the ventilator, and controlling 
means for controlliDg the operation of the 
water heating means in dependence upon 75 
the temperature sensed by the tcmperatuie 
sensing dement whereby the said tempem- 
ture is maintained at a predetemiincd level. 

By scsismg the temperature of the gas at 
a poioH as near as practical to the patient^ 80 
it'is readily possible to control the water 
temperature so a5 to mamtam the tempera- 
ture at this pomt at a predetermbied levels 
e.g. 3ra 

Two flexible hoses are genctally used for 85 
feeding respiratory gas respectively to and 
from a patient and these are fixed at the 
patient ends thereof to two respective 
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branches of a 3-branch pipe assembly, the 
ihird branch being connected to or fotming 
ihe common inspiradon/expirauon part ol 
Uie mouthpiece or resiJiraiory tube. Ahhou^ 

5 nowadays not always m the fonn ot a y , 
. this assembly is nevertheless referred to in 
the art as the Y-piecc. Smcc the Y-p;ece is 
a rinid structure, the sensing element is pre- 
ferably located in the Y-piece rather than 

10 in tho flexible inspiratory hose. , 
Preferably, the sensing dement is a 

thermistor. , . •. -j- 

In a preferred anboduncnt of the himudi- 
flcr according to the invention various fail- 
15 safe devices are incorporated urtuch ensure 
thai in the event of a fault, for example 
disciwnection of the sensor leads or of 
dangerous overheating of the vflitw. the 
heating element 1$ automaucally discon- 

20 necte^ 

The various advantages of the presf»t 
ventioa wHl be npparent from the f<rf!owmg 
descripUon of exemplary anbodunents 
thereof, taken in conjunction with the ac- 

25 companying drawings, of M*ich, . 

Fmixl 1 is a block functional drawing of 
a humidifier according to the mvention. 

Figure 2 is a schematic circuit diagram 
showing *e temperature control pnnciple. 

30 Figure 3 is a detafled drcuit di^wing of 
die arcujt of Figure 1 and uiduding fault 
detection circuitry, and . 

Figure 4 k a detailed circuit drawing of 
the alarm and safety cut-out circuitry. 

35 Referring now to Figure 1 of the draw- 
ings, which shows a functional block dia- 
gram, a humidif>ing chamber 1 has an inbt 
2 and an outlet 3 for respiratotv gas. The 
chaniber contains waicr 4 heated by an elcc- 

40 trie heating element 5. In opcrauon 
respiratory gas is pa$«d from inlet 2 over 
the hot water in the chamber and thence to 
outlet 3 having picked «P ^«»wr wipour 
from the surface. Tlie humidifia^^ 

45 resoitatory aas is then fed via a fle\iWe 
hSn,^i>icalIy of about one metre 
length, to the inspiratory gas inlet 7 of 

' piece 8 and thence lo a face-m^ or endo- 
tracheal tube via connection 9, T.ne ox- 

50 niratory sas path is via connecnons 9 and 
^JTof tL \^-piece and will not be described 
further since it i$ not relevant to ^^i m^^l^ 
standing of the present invention- All ihat 
need bf said isUat the Y-picce is located 

55 as close to the patient as P<^«We so that 
the exhaled gas retained, at the end of an 
expiration piriod, between the connection 
r?nd Se^lienVs lungs is a^^minimum: 
since this "used- gas is ?^f^«4^f ^.^^^ 

60 the next inspiration penod. ^Th«s *hc 
smaller the volume of the gas path common 
to the inspiration and explmion paths, the 
more fresh respiraior>' gas is fed to the 

padent in each f«Pir*^<>'?,^Pf ' 
65 A icraperatuie sensor 11 is located m the 



stub end of ihc Y-picce S so as to sense the 
temperature of the inhaled gas at a con- 
venient point dose to the patient. The sen- 
sor, formed by a negative lempcrature co- 
efKcIent resistor such as a ihermisior, is 70 
connected elearically to a comparison de- 
vice 12 via a plug and socket connection 13. 
Hie socket is located on a from panel of 
the humidifying unit, as is the mspiratory 
hoseline connection, to enable the facCTiask 75 
and hoseline to be removed from the humi- 
difier for sterilizing, etc. 

A lemporaiure-seiling control device l% 
comprising a temperature-calibrated poientio- 
merer also mourned on the control panel. 80 
is coimectcd to a second input of the com- 
parison device 12. The output of compan- 
son device 12 is fed to a swiichmg contrd 
unit 15 which controls a heater power sup- 
ply switching arrangement 16 compnsmg a 85 
iriac arranged in the supply path from a 
heaicr power supply 17 to the beater 5. 

In operation, the compansoB device 12 
compares the sensor and temperature, 
selling signals and gives an output il the 90 
temperature sensed by sensor 11 is lower 
than the icmperature represented by the 
setting of sctttng control 14. This output 
causes Ihe switching control to feed tnggcr- 
ing pulses to the gate electrode of trme 16 95 
at ihe beginning, or **zcro crossing . of each 
half cvcle of the a.c. supply 17 and. hence, 
to supply heatiiiig current to the hcaung cle- 
ment 5. The water ^tempcratuic is there- 
fore raised and this increases the tempera- 100 
lure of the gas passed through the hunudi- 
fvlng chamber L . v - 

' When the gas temperature at the Y-piece 
equals the predeienmined tempcraiure (e.g. 
37X) set by adjustable control 14, the m- 105 
puus 10 the comparison device 12 become 
equal and the latter no longer provides an 
output signal. Switching control 15 there- 
fore no longer provides triggering pulses to 
iriac 16 and, hence, the current supply to 110 
heating element 5 is switched oS. 

In this way. the gas temperature at the 
Y^piixe- is maintained subsianiially equal 
to the predetermined temperature srt on 
control 14. The comparison device 12 is 115 
conveniently a deferential amplifier. 

In order lo protea the patient, several 
safety features are incorporated which 
switch off the heating dement, and so pre- 
veni overheating of die inspired gas. if a 120 
f^ivh occur? in the temperature control ar- 
cuitry. The most likely faults arc con- 
cerned with the temperature sensor and the 
leads therefrom; i.e. the leads may become 
shnrt-cireuitcd or open-circuited, or the plug 
and si^ket connection 13 may become 
advertently disconnected. Any ot tnese 
conditions is detected by a fault-dc^ector 18 
connected to the sensor leads at pomt 19, If 
a fault is detected, detector 18 mhibtts the l>o 
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switching control 15 via lead 21 and, hence, nal 10 of the IC derived from the a,c. sup- 

prcvcOiS operation of the heating element, ply. Triac Tr k in series with a bimclaffic 

If, by any diancc, the water still becomes switch Th (22 of Figure 1) and a heating 

overheated, this is sensed by a water ttm- element Htr (forming heater 5 of Figaro 1) 

5 perature detector 22. such as a bimetallic across the a-c supply. Thus a.<i current is 70 

switch and this causes operation of the fault passed to die heating element when the 

dei«:ior 18. triac Is triggered by the pulses from the IC. 

Having described Ae operational runction If the temperature. of the gas at the Y- 

of the various drcuit elements involved, the piece (Figure 1) is ihe same as that set by 

10 dicuh oration of the temperature control temperature-calibrated potentiometer R4, 75 

system will now be described with refereucc the amplitudes of the positive half pulses 

to Figure 2 of the drawings. appearing at mpul terminals 2 and 3 of the 

A U volt alternating current is applied IC are iho same. Under this condition, 

to inputs d and b. Resistor Rl and Zener therefore, triac Tr 15 not lired and no current 

15 diode VI produce positive half cydes of is fed to heater Htr. Tf the Y-picce tem- 80 

the a-a having a +12V peak at the juac- perature now falls, the resistance of thcr- 

lion of resistors Rl and R2. A teastance mistor R7 increases and the amplitude of 

bridge network is formed by resistors R2 the pulses ai lenninal 2 theirforc decreases 

to R9, the balance ann junctions of this The pulses at terminal 3 are now more 

20 bridge being connected to intput terminals positive-going than those at teiminal 2 and 85 
2 and 3 of an integrated circuit block IC. under mis condition as previously ex- 
Resistor R4 is a potentiometer whidi forms plained, the iC produces triggering pukes at 
the temperature setting control 14 of Figure its output 11 and current w passed to the 
h R7 is a negative temperature coemcient heater via triac Tr, This causes the tem- 

25 resistor sudi as a theimistor and forms the pcrature of ihc humidifier water to be in*' 90 

tempeiature sensing device 11 o£ Figure L creased and this in (urn incwases the tem- 

The integrated circuit IC Includes a dif- pcrature of the re^iiatoiy gas ai the Y- 

ferential amplifier DA which comparo the piece and, hence reduces the rc^stance of 

vohagcs aiqjearing at the IC inputs 2 and ihermistor R7, When this latter tcmpera- 

30 3. This forms the comparison device 12 of ture in again equal to the rmdetennmed 95 

Figure 1, The ou^ut of this amplifier con- tmperature set by potenticMneler R4 the 

trols a swiidiing circuit such that short signals at terminals 2 and 3 are again equal 

output pulses are given at terminal 11 at and the triac is no longer fed at ife gating 

every zero-crossing of ihe a,a supply volt- electrode with triggering pulses. The heater 

35 ugc when the input at terminal 3 of the IC Htr is therefore c^connected. 100 
is more poritive than the input at termioal In tiie practical embodiinent* various 

2. Such int^rated circuit blocks are very safety features are incorporated and these 

wdl known and axe used for providing will now be described with reference to 

triggering current pulses 10 swiidi on triacs Figure 3 and Figure 4 of the drawings. In 

40 at the point of zero current crossing, The Figures 2 and 3» the same drcuit cfcments 105 

particular IC used in the practical embodi- are given the same designations, 
ment described hereinafter with resnect to Referring now to Figure 3, the left hand 

Figure 3. is a Faiichild Soniconductor's arms of the bridge fresistors R2 to R<J> are 

ffcA742 Zero Crossing AC TrmgerTrigac and fed with current via the emitter-collecior 

45 the terminals .^hown in ihc Figures are the path of a transistor V4 and the iT^t hand 110 

same as the pin numbers of the TRIGAC. arms of the bridge (resistors R7 to R9) are 

Ihe int^nal drci!iu7 of the TC is not rele- fed with current via the emitter-base path 

vani to the present description— all that is of V4. Transistor V2 is normally cut off 

required from the IC is that triggering pulses because the emitter-collector voltage (about 

50 arc produced wheh terminal 3 is more posi- 0.1 to 0.2V) <rf conducting transistor V4 is 115 

tive than terminal 2— but a full drcuit and 100 low for current to pass via diode V3 

description is given in "implications of the and the emitter-base paA of V2- Under this 

/jtA742 TRIGAC published by Faiichild condition, therefore, the circuit functions as 

Semiconductor. This particular TC uses a described with reference to Figure 1, the 

55 change in charge on an external capacitor positive peak potential at input 2 of th© 120 

to provide die tri^ring pukes at output IC being generally in the range 6 to 7 volts. 
11. and this capacitor is shown as CI in In the nracticaf embodiment, resistors R7, 

Figure 2. R8 and R9 are encapsulated in a block and 

Triggermg current output pulses appear- located at the Y-picce with the thermistor 

60 ing at teimmal 11 of the TC fire a triac Tr R7 projecting into ±t Y-piece as shown in 125 

at every 2cn>cro.ssing of the a,c. supply volt- Figure i. Thus three leads are xequiied 

age at termmals a and ^ and cause the triac from this blodc to the control equipment, 

to conduct. The ^chronlsm of these eadi lead being provided with a plug and 

triggering pulses with the zero^rosslng is socket connection 13. If any or all three 

65 achieved via a synchronising input to tomi- of these leads become disconnected (e-g- 130 
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by wear or by accidental disconiieciian erf 
the plus) ihc peak porential appearing at 
pin 2 of the IC and kad c rises above the 
value corresponding to the inaxiinum safe 
5 gas temperature e,£; 42 *C If ihti connec- 
tions to R7 or R9 are broken, V4 stops 
condiicting and V2 conducts and the voltage 
of pin 2 of Ike IC is raised towards 12v 
through R16 and the collector of V2. If 

10 the lead to the junction of R7/R8 is broken 
the voltage of pin 2 of IC is raised towards 
21 V through RIK These high level peaks 
(referred to hereinafter as the high level 
voltage) cause the alann circuit, shown and 

15 dejicnbed later with reference to Figure 4, 
to operate and give an audible and /or visual 
alarm. They also operate discietdy on the 
IC Bind stop this supplying triggering pulses 
to the iriac. 

20 The other fault that may txcur in the 
leads is a short circuit between them. If 
this occurs, the resistance values are so 
arranged that, irrespective of v/hethcr any 
two or all three leads become 5hort<ircuiicd, 

25 die oeak voltages appearing at terminal 3 
of l^le IC have maximum value of about 
three volts. This value is referred to as the 
low voliage level hereinafter and this also 
cause operation of the alarm. Thus, in the 

30 event o£ any fault on the lcads« the voltage 
level appearing on lead c either doubles 
(high voltage level) or halves (low voltage 
level). 

The orfier addition to Figure 1 shown jn 
35 Figure 3 is a further transistor circuit com- 
pnsing transistor V5, diodes V6 and V7, 
and resistors R13, R14 and R15. This cir- 
cuit senses openm^ of the blmetaJHc switch 
Th caused bv overfieaiing of the water in rhe 
40 humidifier. Normally with the himetallic 
i^whch contact closed, the base-emitter cir- 
cuit of V5 is short circuited thereby and 
this transistor is thus normally in the cut- 
off state* n the bimetallic sv^tch contact 
45 opens* however, V5 coodueis supply current, 
vk the he^ Htr and diode V7 to lead v. 
This also causes an alarm to be given* as 
win be described later with reference to 

50 ^^Ihe practical embodiment, all the ele- 
ments of Rgure 3 shown within the chain 
outline except R4 (which is panel-mounted) 
arc mounted on a printed circuit board 
(p.c.b.)* and it will be seen that the trigger- 

55 ing lead from output II of the IC to the 
gating electrode of triac Tr is taken via lead 
g out of Ae prkted circuit board It will 
be seen from Figure 4 that this lead g re- 
turns as lead A to the triac. The reason for 

60 this is that flie whole of Figure 4 is con* 
stnicted on a separate printed circuit board* 
the ranoval of which will thus disconnect 
the triggering pulse padi to the tiiac Thus, 
if ctther p.c.b. Is r>emoved, the healer Htr 

65 cannot be supplied with heater current; 



thereby providing a further feature which 
prcvcnis overheating of the humidifier water 
in ihe event of a fault. 

Resistors R5 and R8 (Figures I and 2) 
Art made preset variable resistors. These are 
preset* during calibration of the temperature 
control adjustment. In the practical em- 
bodiment, the following components were 



used for Figure 3. 




Rl 


33 Kohms 


RIO 120 ohms 


R2 


6.8 Kohms 


Rll 270 Kohms 


R3 


2.7Kohms 


R12 1.2 Kohms 


R4 


2,0 Kohms 


RI3 1.0 Kohms 


- R5 


2,2 Kohms 


R14 150 Kohms 


R6 


6.8 Kohms 


R15 4.7 Kohms 


R8 


5.0 Kohms 




R9 


3.9 Kohms 


R7 MuUard VA3406 


VI 


Mullard 


BZY 8g-C12 


V2 


Mullard 


BCV 71 


V3 


Mullard 


BAX 17 


V4 


Mullard 


BCY 71 


V5 


Mullard 


BCY 71 


Tr 


Mullard 


BGX 94/100 


CI 


0.47 fiF 




C2 


0.47 uF 




IC 


Fairchild Semk»nductor TRIGAC 




mA742 





70 



75 



80 



85 



90 



Capacitor C2, between terminals 1 and 
4 of die ICp is used in the latter as a memory 
storage for maintaining the control condi- 95 
tion during negative line half cydes (when 
the circuit is^ in effect, idling). The stored 
energy forces the differential ampliiier DA 
CO assume the previously h^d state ax the 
beginning of each positive half cvcle. The 100 
TC produces triggering outtwt pulses when 
the voltage at terminal 3 is positive to rfiat 
at terminal 2 by a voltage of about 3 milli- 
volts. The voHage at the Junction of R9 
and RIO is fed to terminal 7 of the IC to 105 
feed a clamping circuit in the IC whidi has 
the effect^ or producing a snap action in the 
comparator. 

The alarm circuit will now be described 
with reference to Figure 4 of the drawings, 1 10 
the connecting leads between Figures 3 and 
4 being given the same reference in eadi 
drawing. 

The circuit is powered from the 24v a.c, 
supply at terminals a and b, this being recti- 1 15 
fied and stabilised to provide a +20V d.c. 
by means of resistor R2U rectifying diode 
V21, capacitor Cll. resistor R22, and Zcncr 
diode V22. 

Lead c, which feeds a nonnd level volt- 120 
age of 6—7 volts, as previously described, 
feeds two long-tailed pairs, comprising tran- 
sisloK V23, V25 and V26, V28, via isolating 
resbtors R23 and R24 rest>ectively. The 
common emitter resistors for these long- 125 
ulled pairs ate R25 and R31 respectively. 
A voltage divider formed by resistors R27 
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to R30 provides base bias potentials for 
V25 aod During nonnal operation 

the voltage on lead c is between Ae base 
bias potentials of V25 and transi.9tors 
V25 and V2S are conducting and V23 and 
V28 are non-conducting. If a high level 
voltage is received over lead c, V23 con- 
ducts and feeds current to the base of tran- 
sistor vdiich is normally cut off. If a 
low level voltage appears on lead c, V28 
conducts and, :^jn, feeds current to the 
base of V29. Thus in the event of a fault 
condiUon on the themiistor leads, as pre- 
viously described, cither a high or lew level 
voltage s^al on lead c causes V29 to con- 
duct. The resultant current pulses flowing 
through the cmittcr-collecior path of V29 
and resistor R36 arc applied to the base of 
V31 of a conventional flip-flop circuit oom- 
priiJfng resistors R34 to R39 and transistors 
V31 and V31 In the nomal (non-alarm) 
state; y32 is conducthijg and V31 is non- 
conducthig. This condition is ensured on 
switching on the equipment by condenser 
C22. Under alarm conditions the current 
applied to the base of V31 causes die flip- 
flop to change state: V3I then conducting 
and V32 becommg nonconducting. The 
function of this flip«flop i« to memorise a 
fault and prevcttt the heater being re- 
energissed until manual operation of a pudi 
bunon switch. 

tf the bimetaTHc switdh Th (Figure 3) 
opens, V5 feeds current over lead e as pre- 
viously described^ and hence, to the base of 
V31. Thus this alarm condition also causes 
the flip-flop to change state. 

With the flip-flop in The normal (non- 
alarai) state with V32 conducting, collector 
ciurrent. is drawn for this transistor largely 
via resistor R41 and diode V33 in parallel 
widi resistor R44 and diode V3^. Stoce flie 
collector-emitter potential of V32 U very 
low in the conducting stote^ no current flow 
via diode V34 or via diode V37. Thus no 
current flows to the bases of transistors V35 
and V38, These tran<»uttoTS are dierrfoie 
normally cut-off. 

Under alarm conditions, ^en V32 is 
non-conduaing, the potential at the collector 
of V32 is substantially at +20V and diodes 
V33 and V36 cease to conduct. Cunent can 
now flow 10 the bases of V35 and V38 caus- 
ing these tnuisislors to conduct. The col- 
lector current of V35 lights an alarm lan^ 
LP. Due to the fact that V38 is conduct- 
ing* the potential on lead f is virtually that 
of supply terminal h mm the result that 
capacitor Cl (Figures 2 and 3) k shunted 
and cannot charge. Tljis prevents any 
trigger pulses appearing at terminal 11 of 
the IC and triac Tr can no longer conduct 
current to heater Htr. 

When the fault is cleared the flip-flop is 
reset by momeniaiy ^leration of a puA- 



buuon SI. This applies current from the 
•+20V supply line to die base erf V32, there- 
by resetting the flip-flop to the non-alarm 
state. It can flius be seen that in the event 
of any fault or misoperation of the control 
circuitry, the heater current is dL%onnected 
and remains disconnected until the fault has 
been cured and Si pressed. Therefore, the 
temperature of ihehumidilkd mspiiatory gas 
fed to the patient cannot exceed a safe 
level. 

In a practical embodiment of a humidifier, 
all parts of the gas circuit are housed in 
such a way that they can be removed "en 
bloc^' for sterilizing in an autoclave. The 
hetter normally passes about 7 arraps and 
iis sudden disconnection from the circuit by 
removal of the gas circuit components would 
produce a lax^ spark at the breaking elec- 
trical contacts. A further feature of the 
embodmicfit is the iwovision of an decuical 
contact switch S2 which closes, on removal 
of the gas circuity before the heater connec- 
tions break. This swtch short circuits leads 
c and d, thus putting a high voltage level 
signal (H-12V) on lead c. The alarm cir- 
cuit therefore operates in the manner pre- 
viotisly described and the heater circuit is 
therefore disconnected before the heater con- 
tacte break. . 

Tlic ciraiit component for Figaro 4 were» 
in a practical embodiment: — 



R21 
R22 

im 

R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 



22 ohms 
100 ohms 
lOOKohms 
100 Kohms 
47 Kohms 
lOOKohms 
12 Kohms 
5.6 Kohms 
5.6 Kohms 
2.2 Kohms 
47 Kohms 
2.2 KdtttDS 
C21 
C22 



R33 
R34 
R35 
R35 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 



400 

1 



6.8 Kohms 
3,3 Kohms 
12 Kohms 
12 Kohm£} 
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WHAT WE CLAIM IS: — 

1. A gas humidifier for humidifying 
respiratory gas fed from a medical veniilator 
to a paiicni^ including a "gas-ovcr-hoT- 

5 water" vaporisation chainberp meam for 
healing waicr contained in the chiunber^ a 
respiratory gas supply line arranged fox 
fecdms humidiflcd respiratory gas from the 
humidifier to a paiicm, an electrical tcm- 

10 peraiure-sensing element located at or ad- 
jacent the patient end of the supply line for 
sensing the temperaiure of humidified res- 
piratorv gas iromediaiely befoi:>5 tlie gas is 
passed' to the patient during an inspiralory 

15 period of the ventilator, and controlling 
means for controlling the operation of the 
water heating means in dependence upon 
the temperaiure sensed by the temperature 
sensing clenient whereby the said tcrapera- 

20 ture is maintained at a predetermined level. 

2. A gas humidifier according to Qaim I 
wiierein the iemperature-sensin§ clement is 
a negative temperature coefficient resistor 
arranged in one branch of a resistance bridge 

25 the other branch of which includes a 
poten:iometer the setting of whidi deter- 
mines the predetermined temperature, the 
bridge being balanced when the gas tem- 
perature equals the prcdetennincd tonpera- 

30 ture, the outputs" from the am junctions of 
the two branches being connected co inputs 
of a comparison device arranged lo detect 
a bridge unbalance caused by die gas tem- 
perature being lower than the predetermmed 

35 temperature, and to provide an outpui sig- 
nal in that event, the humidifier indudmg 



switching means for controlling the opera- 
tion of ihe said heating means in depend- 
etKC upon the said output signal 

3. A gas humidifier according to Claim 
2 wherein the switching means includes a 
triac lit scries with the heating element and 
a pu]s5 generator arranged to supply trigger 
pulses to the gating electrode of the iriac 
to render the triac conducting In the event 
of said unbalance of the bridge, 

4. A gas humidifier according to any 
previous Claim including means for prevent- 
ing operation of the heating element it con* 
ncctins leads to the temperature-sensing de- 
ment become short<ircuited or disconnected. 

5. A gas humidifier according to any 
previous Oaira including a thermal switch 
in the vaporisation chamber which operates 
at a given temperature to prevent operation 
of the healing element in the event of the 
water ovcAeating to reach the given tem-. 
perature. 

6. A gas humidifier substantially as here- 
inbefore described with reference to Figure 
1 of the accompanying drawings. 

7. A gas humidifier substantially as 
hereinbefore defined widi reference to 
Figures I to 4 of the aixompanying draw- 



C. A. CLARK. 
Chartered Patent Agent, 

Century House. 
Shaftesbury Avenue, 

London, W.C.2. 
Agent for the Applicants. 
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